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Description

[0001] The current invention relates to a method for
detecting leaks in a gas network under pressure or under
vacuum.
[0002] More specifically, the invention is intended to
be able to quantify leaks that occur in a gas network.
[0003] "Gas" herein means for example air, but not
necessarily. But also nitrogen or natural gas are possible.
[0004] Methods for monitoring or controlling a gas net-
work under pressure are already known, whereby these
methods are set up for long and straight pipelines, where
the incoming flow is not necessarily equal to the outgoing
flow due to the compressibility of the gas in question.
[0005] These methods are based on a number of as-
sumptions such as very long pipelines, straight pipelines,
which are not suitable for complex gas networks under
pressure where one or more compressor plants supply
gas under pressure to a complex network of consumers.
[0006] Also, methods are already in place, as de-
scribed in US 7.031.850 B2 and US 6.711.502 B2, to
detect leaks in pneumatic components or tools of the final
consumers themselves. A final consumer may be an in-
dividual final consumer or include a so-called consumer
area or a group of individual final consumers.
[0007] Methods for estimating the total leakage rate on
the source side are also known from e.g. DE
20.2008.013.127 U1 and DE 20.2010.015.450 U1.
[0008] US 5 272 646 A discloses a method and appa-
ratus for determining the location of a leak in a fluid con-
taining pipeline.
[0009] The disadvantage of such known methods is
that they do not allow for the detection of leaks in a com-
plex network of pipelines between the source and the
consumers or consumer area. In addition, the network
of pipelines of a gas or vacuum network is a source of
leaks that should not be underestimated.
[0010] The aim of the current invention is to provide a
solution to this problem.
[0011] The current invention relates to a method for
detecting and quantifying leaks in a pressurized gas net-
work; the gas network comprising:

- one or more sources of compressed gas or vacuum;
- one or more consumers or consumer area of com-

pressed gas or vacuum applications;
- pipelines or a network of pipelines to transport the

gas or vacuum from the sources to the consumers,
consumer area or applications;

- a plurality of sensors which determine one or a plu-
rality of physical parameters of the gas at different
times and locations in the gas network;

characterized in that the method comprises the following
steps:

- any start-up phase during which the aforementioned
sensors are to be used;

- a training or estimation phase in which a physical
model or mathematical relationship is determined
between the measurements of a first set of sensors
and a second set of sensors based on physical laws
using estimation algorithms;

- an operational phase where the established physical
model or mathematical relationship between the
measurements of the first set of sensors and the sec-
ond set of sensors is used to predict leaks in the gas
network;

wherein the operational phase comprises the following
steps:

- reading out the first group and second group of sen-
sors;

- from the readout measurements from the first set of
sensors, calculating or determining the value of a
second set of sensors using the physical model or
mathematical relationship;

- comparing the calculated or certain values of the
second group of sensors with the read values of the
second group of sensors and determining the differ-
ence between them;

- determining, on the basis of a residual value analy-
sis, whether there is a leak in the gas network;

- generating an alarm and/or generating a leakage
rate and/or generating the corresponding leakage
cost if a leak is detected.

[0012] An advantage is that such a method will make
it possible to learn, detect and also quantify leaks in the
gas network itself.
[0013] In other words, the leaks detected and quanti-
fied by the method are not limited to leaks in the sources
or consumers of compressed gas, i.e. in the compressor
plants and pneumatic tools or components, but may also
concern leaks in the pipelines of the gas network itself.
[0014] It should be noted that in the case of a gas net-
work under pressure, leaks will occur to the outside and
gas will escape to the surrounding area. In a gas network
under vacuum, leaks will occur ’inwards’, i.e. ambient air
will enter the gas network.
[0015] During the training phase, a mathematical rela-
tionship is established between this group of sensors on
the basis of known physical laws and using the meas-
urements of the various sensors.
[0016] Hereby an estimation algorithm is used.
[0017] This is based on the assumption that there are
no leaks in the gas network in the first instance, in other
words, it is based on a normal situation of the gas network
or a so-called ’baseline’.
[0018] In this way, a physical model, or mathematical
model, can be created that represents the relationship
between the different parameters measured by the sen-
sors.
[0019] This model will then be used to immediately de-
tect irregularities in future measurements of the sensors
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by comparing the results of the model and the measure-
ments of the sensors.
[0020] In this way, leaks will be detected very quickly
and, in case of detection of a leak, action can be taken
and the leak can be closed.
[0021] Preferably, at certain moments, the operational
phase is temporarily interrupted or stopped, after which
the training phase is resumed in order to redefine the
physical model or mathematical relationship between the
measurements of different sensors, before the operation-
al phase is restarted.
[0022] It should be noted that the process, i.e. the gas
network with sources, pipelines and consumers, is not
shut down, but only the method. In other words, if the
operational phase is temporarily interrupted or stopped,
the sources will still supply gas or vacuum to the con-
sumers.
[0023] Interrupting the operational phase and resum-
ing the training phase has the advantage that the physical
model or the mathematical relation is updated.
[0024] This will make it possible to take into account
the time-varying behavior of the gas network or system,
so that the detection of leaks does not depend on the
varying behavior of the gas network. This is the case, for
example, when a leak has been detected and dealt with
after an energy audit, expansions of the gas network
and/or introduced blockages in the network. In this case,
the detection system starts from a new ’baseline’ or null.
[0025] The invention also concerns a gas network un-
der pressure or under vacuum; the gas network is at least
provided with:

- one or more sources of compressed gas or vacuum;
- one or more consumers or consumer areas of com-

pressed gas or vacuum applications;
- pipelines or a network of pipelines to transport the

gas or vacuum from the sources to the consumers,
consumer areas or applications;

- a plurality of sensors which determine one or a plu-
rality of physical parameters of the gas at different
times and locations in the gas network;

with the characteristic that the gas network is further pro-
vided with:

- a data acquisition control unit for the collection of
data from the sensors;

- a computing unit for carrying out the method in ac-
cordance with the invention.

[0026] Such an arrangement can be used to apply a
method in accordance with the invention.
[0027] To better demonstrate the characteristics of the
invention, a number of preferred variants of a method
and gas network in accordance with the invention have
been described below, by way of example without any
restrictive character, with reference to the accompanying
drawings, in which:

figure 1 schematically shows an arrangement in ac-
cordance with the invention;
figure 2 shows a schematic flowchart of the method
in accordance with the invention.

[0028] The gas network 1 in figure 1 comprises mainly
a source side 2, a consumer side 3 and a network 4 of
pipelines 5 between the two.
[0029] The gas network 1 in this case is a gas network
1 under pressure, i.e. there is a pressure higher than the
atmospheric pressure.
[0030] The gas may be air, oxygen or nitrogen or any
other nontoxic and/or hazardous gas or mixture of gases.
[0031] The source side 2 comprises a number of com-
pressors 6, in this case three, which generate com-
pressed air.
[0032] It is also possible that the compressors 6 con-
tain compressed air dryers.
[0033] The consumer side 3 contains a number of con-
sumers 7 of compressed air and in this case also three.
[0034] It is not excluded that the compressors 6 can
also be located downstream of the gas network 1. This
is referred to as "boost compressors".
[0035] The compressed air is routed through the net-
work 4 of pipelines 5 from the compressors 6 to the con-
sumers 7.
[0036] This network 4 is in most cases a very complex
network of pipelines 5.
[0037] Figure 1 shows this network 4 in a very sche-
matic and simplified way. In addition, the associated shut-
off and bypass valves in the gas network 1 are not ex-
plicitly indicated in order to maintain the simplicity in figure
1.
[0038] In most real situations, the network 4 of pipe-
lines 5 consists of a large number of pipelines 5 that con-
nect the consumers 7 in series and in parallel with each
other and with the compressors 6. It is not excluded that
a part of the network 4 adopts or comprises a ring struc-
ture.
[0039] This is because the gas network 1 is often ex-
tended over time with additional consumers 7 or com-
pressors 6, whereby new pipelines 5 between the exist-
ing pipelines 5 have to be laid, which leads to a tangle
of pipelines 5.
[0040] The gas network 1 may also be provided with
a pressure vessel 8, with all compressors 6 in front of
this pressure vessel 8.
[0041] It is not excluded that there may be one or more
pressure vessels 8 downstream of the gas network 1.
[0042] In addition, components 19, such as filters, sep-
arators, atomizers and/or regulators, can also be provid-
ed in the gas network 1. These components 19 can be
found in various combinations and can be found both
near the pressure vessel 8 and close to the individual
consumers 7.
[0043] In the example shown, these components 19
are provided after the buffer vessel 8 and near the indi-
vidual consumers 7.
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[0044] Network 4 also includes a number of sensors
9a, 9b, 9c and 9d, which are located at different locations
in network 4.
[0045] In this case, one flow sensor 9a is placed just
after the aforementioned pressure vessel 8, which will
measure the total flow q provided by all compressors 6.
It is also possible that the individual flows of the com-
pressors 6 are measured by themselves.
[0046] In addition, the figure shows four pressure sen-
sors 9b, which measure the pressure at different loca-
tions in the network 4.
[0047] A pressure sensor 9b to measure the pressure
in the pressure vessel 8 is also recommended to correct
the "mass in - mass out" principle for large, concentrated
volumes.
[0048] It is clear that more or less than four pressure
sensors 9b can also be provided. In addition, the number
of flow sensors 9a is not limiting for the invention.
[0049] In addition to flow sensors 9a or pressure sen-
sors 9b, additionally, or alternatively, sensors 9a, 9b, may
be used to determine one or a plurality of the following
physical parameters of the gas: differential pressure, gas
velocity, temperature or humidity.
[0050] In addition to the aforementioned sensors 9a
and 9b, which measure the physical parameters of the
gas, there are also possibly a number of sensors 9c, or
’state sensors 9c’, which are located close to the com-
pressors 6, the consumers 7 or consumer areas. Prefer-
ably, these sensors 9c are part of the consumers 7 them-
selves, which is referred to as smart consumers.
[0051] These sensors 9c then determine the state or
status, for example on or off, of the compressors 6, the
consumers 7 or consumer areas. As explained later, by
using these state sensors 9c, the cross-sensitivity of the
estimation algorithms can be reduced, so that these es-
timation algorithms become more reliable.
[0052] It is also possible that at least some of the sen-
sors 9a, 9b, 9c together with a source 6 and/or consumer
7 are integrated in one module. This is referred to as
’smart connected pneumatic devices’.
[0053] It is also possible to use sensors 9a, 9b, which
measure the pressure or flow of the gas at the consumers
7 or consumer areas. It is also possible to use sensors
that measure the temperature of the gas at the consum-
ers 7 or in the consumer area.
[0054] The aforementioned differential pressure sen-
sors 9d coming from the group of additional or alternative
sensors 9a, 9b are preferably placed over filter, separa-
tor, atomizer, and/or regulator components 19. It goes
without saying that the number of differential pressure
sensors 9d may differ from what is shown in figure 1.
[0055] The aforementioned humidity and temperature
sensors coming from the group of additional or alternative
sensors 9a, 9b are preferably mounted at the inlet and/or
outlet of the compressors 6 and the consumers 7.
[0056] In the example shown, the aforementioned ad-
ditional or alternative sensors 9a, 9b are not all included
in the gas network 1, but it goes without saying that this

is also possible. Certainly, in more extensive and com-
plex gas networks 1 such sensors 9a, 9b can be used,
as well as in networks 1 where only the volumetric flow
rate is measured instead of the mass flow rate.
[0057] In accordance with the invention, the gas net-
work 1 is further provided with a data acquisition control
unit 1.0 to collect data from the aforementioned sensors
9a, 9b, 9c, 9d.
[0058] In other words, sensors 9a, 9b, 9c, 9d determine
or measure the physical parameters of the gas and the
state of the compressors 6, consumers 7 and/or consum-
er area and send this data to the data acquisition control
unit 10.
[0059] In accordance with the invention, the gas net-
work 1 is further provided with a computing unit 11 for
processing the data from sensors 9a, 9b, 9c, 9d, whereby
the computing unit 11 will be able to carry out the method
for detecting and quantifying leaks 12 in the gas network
1 in accordance with the invention, as explained below.
[0060] The aforementioned computing unit 11 can be
a physical module which is a physical part of the gas
network 1. It cannot be excluded that the computing unit
11 is not a physical module, but a so-called cloud-based
computing unit 11, which may or may not be connected
wirelessly to the gas network 1. This means that the com-
puting unit 11 or the software of the computing unit 11 is
located in the ’cloud’.
[0061] In this case, the gas network 1 is further provid-
ed with monitor 13 to display or signal leaks 12 that were
detected using the method.
[0062] The operation of gas network 1 and the method
in accordance with the invention is very simple and as
follows.
[0063] Figure 2 schematically illustrates the method for
detecting and quantifying leaks 12 in the gas network 1
of figure 1.
[0064] In the first phase 14, start-up phase 14, sensors
9a, 9b, 9c, 9d are calibrated before use if necessary. It
goes without saying that if there are other sensors, they
can also be calibrated before use.
[0065] This happens once when the sensors 9a, 9b,
9c, 9d are placed in the gas network 1. Of course, it is
possible that sensors 9a, 9b, 9c, 9d may be recalibrated
over time.
[0066] Preferably, the sensors 9a, 9b, 9c, 9d are cali-
brated in operation or by means of an in-situ self-calibra-
tion. This means that sensors 9a, 9b, 9c, 9d in the gas
network 1, i.e. after they have been installed, are cali-
brated. ‘In operation’ or ’in situ’ means calibration without
removing sensor 9a, 9b, 9c, 9d from the gas network 1.
[0067] In this way one can be sure that the placement
of the sensors 9a, 9b, 9c, 9d will not affect their meas-
urements, because the calibration will only be done after
the placement of the sensors 9a, 9b, 9c, 9d.
[0068] Then the second phase 15 or the training phase
15 starts.
[0069] In this phase, a physical model or mathematical
relationship is determined between the measurements
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of a first group of sensors 9a, 9b, 9c, 9d and a second
group of sensors 9a, 9b, 9c, 9d based on physical laws
using estimation algorithms. By adding additional state
sensors 9c (e.g. on/off) from compressors 6, consumers
7 or consumer areas, the noise sensitivity of the estima-
tion algorithms can be reduced, making the estimation
algorithms more reliable.
[0070] Based on known physical laws, a model can be
made between a first group of sensors 9a, 9b, 9c, 9d and
a second group of sensors 9a, 9b, 9c, 9d.
[0071] This first group of sensors 9a, 9b, 9c, 9d pref-
erably all measure the same physical parameter of the
gas, for example pressure p and/or pressure difference
dp, at different locations in the gas network 1. The second
group of sensors 9a, 9b, 9c, 9d preferably all measure
the same physical parameter of the gas, for example the
flow rate q.
[0072] For example, the model consists of a mathe-
matical relation such as a matrix or the like, in which there
are still a number of parameters or constants.
[0073] These parameters or constants can be deter-
mined by reading out the corresponding sensors 9a, 9b,
9c, 9d and using estimation algorithms.
[0074] This is based on a kind of baseline situation or
a normal situation of the gas network 1 without leaks 12.
[0075] The mathematical model is also based on the
assumption that the resistance of the pipelines 5 does
not change and that the topology of the network 4 is fixed.
[0076] The data acquisition control unit 10 will read out
the sensors 9a, 9b, 9c, 9d and send these data to the
computing unit 11, where the necessary calculations will
be performed to determine the aforementioned parame-
ters or constants.
[0077] Once the parameters or constants have been
determined, the physical model is determined, in the form
of a mathematical relationship between the two groups
of sensors 9a, 9b, 9c, 9d.
[0078] In the example shown, a first situation 16 is
shown on the right-hand side of figure 2, whereby the
second group comprises one flow sensor 9a as shown
in figure 1, and a second situation 17 on the left-hand
side of figure 2, whereby the second group may comprise
a plurality of flow sensors 9a.
[0079] For the second situation 17, several flow sen-
sors 9a will be placed in the network 4, such as close to
the consumers 7 or consumer areas, which form the sec-
ond group of sensors 9a.
[0080] The first group of sensors 9a, 9b, 9c, 9d in both
cases includes different pressure sensors 9b and/or dif-
ferential pressure sensors 9d at different locations in the
gas network 1 and possibly one or a plurality of flow sen-
sors 9a. It is important to note that the flow sensor(s) 9a
of the second group are different from the flow sensors
9a of the first group. The only condition is therefore that
the cross-section of the two groups of sensors 9a, 9b,
9c, 9d must be empty.
[0081] In both situations 16, 17, the method for deter-
mining the physical model is almost identical.

[0082] The physical model in the form of a mathemat-
ical relationship between the measurements of the first
group and the second group of sensors 9a, 9b, 9c, 9d
can be used in an operational phase 18 to detect and
quantify leaks 12 in the gas network 1.
[0083] The operational phase 18 is carried out during
the operation of the gas network 1, i.e. when the com-
pressors 6 supply compressed gas through the network
4 of pipelines 5 to the different consumers 7. It is during
the operation of gas network 1 that it will be important to
be able to detect and quantify leaks 12.
[0084] The operational phase 18 is similar for both of
the aforementioned situations and is as follows:

- reading out the first group of sensors 9a, 9b, 9c;
- from the readings from the first set of sensors 9a,

9b, 9c, calculating or determining the value of a sec-
ond set of sensors 9a, 9b, 9c using the physical mod-
el or mathematical relationship;

- comparing the determined or calculated value of the
second group of sensors 9a, 9b, 9c, 9d with the read
value of the second group of sensors 9a, 9b, 9c, 9d
and determining the difference between them;

- based on a residual value analysis and possibly the
state sensors 9c, calculating if there is a leak 12 in
the system;

- generating an alarm if a leak 12 is detected with pos-
sibly the corresponding leakage flow and/or leakage
cost.

[0085] Also here, the data acquisition control unit 10
will collect the different data from sensors 9a, 9b, 9c and
the computing unit 11 will perform the necessary calcu-
lations using the physical model established in the pre-
vious phase 15.
[0086] These steps of the operational phase 18 are
preferably repeated sequentially at a certain time interval.
[0087] As a result, during the entire operational period
of the gas network 1, leaks 12 can be detected and traced,
and not just once, for example, during or shortly after the
start-up of the gas network 1.
[0088] The aforementioned time interval can be select-
ed and set depending on the gas network 1.
[0089] In the aforementioned first situation 1.6, as
shown on the right-hand side of figure 2, the operational
phase 18 comprises the following steps:

- reading out the first group of sensors 9a, 9b, 9c, 9d;
- from the readings of the first group of sensors 9a,

9b, 9c, 9d, calculating or determining the value of
the aforementioned flow sensor 9a of the second
group of sensors 9a, 9b, 9c, 9d using the physical
model. or mathematical relationship;

- comparing the calculated or determined value of this
flow sensor 9a with the read value of this flow sensor
9a and using a residual value analysis to determine
whether there is a leak 12 in the gas network 1.
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[0090] This method has the advantage that only one
flow sensor 9a is needed, both in the training phase 15
and in the operational phase 18.
[0091] A flow sensor 9a is generally technically more
difficult to realize, more complex and more expensive
than a pressure sensor 9b and/or a differential pressure
sensor 9d.. By minimizing the number of flow sensors 9a
to one, the system is cheaper.
[0092] To determine a leak 12 in the gas network 1, in
the last step the determined or calculated value of the
flow q will be compared with the read value of the flow
sensor 9a taking into account any information coming
from the state sensors 9c.
[0093] If the difference between the two exceeds a cer-
tain threshold, this indicates a leak 12 in the gas network
1.
[0094] This threshold can be set or selected in ad-
vance.
[0095] When a leak 12 is detected, an alarm will be
generated. In this case, this is done with the help of mon-
itor 13, which displays the alarm.
[0096] The user of the gas network 1 will notice this
alarm and be able to take the appropriate steps.
[0097] In the aforementioned second situation 17, as
shown on the right-hand side of figure 2, the operational
phase 18 comprises the following steps:

- reading out the first group of sensors 9a, 9b, 9c, 9d;
- from the readings of the first group of sensors 9a,

9b, 9c, 9d, calculating or determining the value of
the aforementioned flow sensors 9a of the second
group of sensors 9a, 9b, 9c, 9d using the physical
model or mathematical relationship;

- comparing the calculated or determined value of
these flow sensors 9a with the read value of the flow
sensors 9a and determining on the basis of a residual
value analysis whether there is a leak 12 in the gas
network 1.

[0098] If one of the differences or its derivative, such
as a (weighted) sum, exceeds a certain threshold, this
will indicate a leak 12 in the gas network 1 and an alarm
will be generated in a similar way as in the first situation.
[0099] In this case too, one or more thresholds can be
set or selected in advance.
[0100] Starting from multiple flow sensors 9a, the
method in the second situation 17 has the advantage that
the leaks 12 are easier to locate.
[0101] As mentioned before, these steps of the oper-
ational phase will be repeated sequentially and cyclically.
[0102] In a preferred variant of the invention, at certain
moments, the operational phase 18 will be temporarily
interrupted or stopped, after which the training phase 15
will be resumed to redefine the physical model or math-
ematical relationship between the measurements of dif-
ferent sensors, before the operational phase 18 is re-
started.
[0103] ’At certain moments’ should be interpreted as

moments that are preset, for example once a week, per
month or per year, or as moments that can be chosen
by the user as it suits the user.
[0104] The physical model will be updated to take into
account the possible time-varying behavior of the sys-
tem.
[0105] This could include, for example, leaks 12 in the
network 4 which are closed by replacing the relevant
parts or seals, additional blockages in the network 4 or
changes in the topology of the network 4.
[0106] Although in the example of figure 1, it concerns
a gas network 1 under pressure, it can also be a gas
network 1 under vacuum.
[0107] Source side 2 then comprises a number of
sources of vacuum, i.e. vacuum pumps or similar.
[0108] In this case, the consumers 7 have been re-
placed by applications that require vacuum.
[0109] Furthermore, the method is the same, taking
into account of course that leaks now introduce ambient
air into the gas network 1. Preferably, other suitable
thresholds will be set to generate an alarm.
[0110] This invention is by no means limited to the em-
bodiments by way of example and shown in the figures,
but such a method and qas network as claimed in the
invention can be carried out in different variants without
going beyond the scope of the appended claims.

Claims

1. - Method for detecting and quantifying leaks (12) in
a gas network (1) under pressure or vacuum, the
gas network (1) comprising:

- one or more sources (6) of compressed gas or
vacuum;
- one or more consumers (7) or consumer areas
of compressed gas or vacuum applications;
- pipelines (5) or a network (4) of pipelines (5)
to transport the gas or vacuum from the sources
(6) to the consumers (7), consumer areas or ap-
plications;
- a plurality of sensors (9a, 9b, 9d) providing one
or more physical parameters of the gas at dif-
ferent times and locations within the gas network
(1);

characterized in that the method comprises the fol-
lowing steps:

- a start-up phase (14) during which the afore-
mentioned sensors (9a, 9b, 9d) are calibrated
before use;
- a training or estimation phase (15) determining
a physical model or mathematical relationship
between measurements of a first set of sensors
(9a, 9b, 9d) and a second set of sensors (9a,
9b, 9d) based on physical laws using estimation
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algorithms;
- an operational phase (18) where the estab-
lished physical model or mathematical relation-
ship between the measurements of the first set
of sensors (9a, 9b, 9d) and the second set of
sensors (9a, 9b, 9d) is used to predict leaks (12)
in the gas network (1);

wherein the operational phase (18) comprises the
following steps:

- reading out the first group of sensors (9a, 9b,
9d);
- calculating or determining the value of a sec-
ond group of sensors (9a, 9b, 9d) from the read-
ings from the first group of sensors (9a, 9b, 9d)
using the physical model or mathematical rela-
tionship;
- comparing the calculated or determined values
of the second group of sensors (9a, 9b, 9d) with
the read values of the second group of sensors
(9a, 9b, 9d) and determining the difference be-
tween them;
- determining, on the basis of a residual value
analysis, whether there is a leak (12) in the gas
network (1);
- generating an alarm and/or generating a leak-
age rate and/or generating the corresponding
leakage cost if a leak (12) is detected.

2. - Method according to claim 1, characterized in that
the first group of sensors (9a, 9b, 9d) comprises dif-
ferent pressure and/or pressure differential sensors
(9b, 9d) at different locations in the gas network (1),
one or a plurality of flow sensors (9a), and the second
group of sensors (9a, 9b, 9d) comprises a flow sen-
sor (9a), wherein the operational phase (18) com-
prises the following steps:

- reading out the first group of sensors (9a, 9b,
9d);
- from the readings of the first group of sensors
(9a, 9b, 9d), calculating or determining the value
of the flow sensor (9a) of the second group of
sensors (9a, 9b, 9d) using the physical model
or mathematical relationship;
- comparing the calculated or determined value
of the flow sensor (9a) of the second group of
sensors (9a, 9b, 9d) with the read value of the
flow sensor (9a) of the second group of sensors
(9a, 9b, 9d) and determining whether there is a
leak (12) in the gas network (1) on the basis of
the difference between the two, or its deriva-
tives.

3. - Method according to any of the preceding claims,
characterized in that the sensors (9a, 9b, 9d) are
calibrated by means of an in-situ self-calibration.

4. - Method according to any of the preceding claims,
characterized in that the aforementioned sensors
(9a, 9b, 9d) can measure one or more of the following
physical parameters of the gas: pressure, differential
pressure, temperature, gas velocity, flow rate, hu-
midity.

5. - Method according to any of the preceding claims,
characterized in that the operational phase (18) is
temporarily interrupted or stopped at certain mo-
ments, after which the training phase (15) is resumed
in order to redefine the physical model or mathemat-
ical relationship between the measurements of dif-
ferent sensors (9a, 9b, 9d) before the operational
phase (18) is resumed.

6. - Method according to any of the preceding claims,
characterized in that the operational phase (18)
steps are sequentially repeated at a certain time in-
terval.

7. - Gas network under pressure or under vacuum, the
gas network (1) is at least provided with:

- one or more sources (6) of compressed gas or
vacuum;
- one or more consumers (7), consumer areas
of compressed gas or vacuum applications;
- pipelines (5) or a network (4) of pipelines (5)
to transport the gas or vacuum from the sources
(6) to the consumers (7), consumer areas or ap-
plications;
- a plurality of sensors (9a, 9b, 9d) providing one
or more physical parameters of the gas at dif-
ferent times and locations within the gas network
(1);

characterized in that the gas network (1) is further
provided with:

- a data acquisition control unit (10) for the col-
lection of data from the sensors (9a, 9b, 9d);
- a computing unit (11) for carrying out the meth-
od according to any preceding claim.

8. - Gas network according to claim 7, characterized
in that at least some of the sensors (9a, 9b, 9d)
together with a source (6), consumer (7), consumer
area or application are integrated in one module.

9. - Gas network according to any of the preceding
claims 7 to 8, characterized in that the gas network
(1) is further provided with a monitor (13) to display
or signal leaks (12), leakage rates, leakage costs
and possible location.

10. - Gas network according to any of the preceding
claims 7 to 9, characterized in that the computing
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unit (11) is a cloud-based computing unit (11), which
is connected to the gas network (1), either or not
wireless.

Patentansprüche

1. Verfahren zum Aufspüren und Quantifizieren von
Lecks (12) in einem Gasnetz (1) unter Druck oder
Vakuum, wobei das Gasnetz (1) Folgendes umfasst:

- eine oder mehrere Quellen (6) von Druckgas
oder Vakuum;
- einen oder mehrere Verbraucher (7) oder Ver-
braucherbereiche von Druckgas- oder Vaku-
umanwendungen;
- Rohrleitungen (5) oder ein Netz (4) von Rohr-
leitungen (5) zum Transportieren des Gases
oder Vakuums von den Quellen (6) zu den Ver-
brauchern (7), Verbraucherbereichen oder An-
wendungen;
- eine Vielzahl von Sensoren (9a, 9b, 9d), die
einen oder mehrere physikalische Parameter
des Gases zu verschiedenen Zeiten und an ver-
schiedenen Orten innerhalb des Gasnetzes (1)
bereitstellen;

dadurch gekennzeichnet, dass das Verfahren die
folgenden Schritte umfasst:

- eine Anlaufphase (14), während der die ge-
nannten Sensoren (9a, 9b, 9d) vor dem Einsatz
kalibriert werden;
- eine Trainings- oder Schätzphase (15), in der
ein physikalisches Modell oder eine mathema-
tische Beziehung zwischen Messungen eines
ersten Satzes von Sensoren (9a, 9b, 9d) und
eines zweiten Satzes von Sensoren (9a, 9b, 9d)
auf der Grundlage physikalischer Gesetze unter
Verwendung von Schätzalgorithmen bestimmt
wird;
- eine Betriebsphase (18), in der das erstellte
physikalische Modell oder die mathematische
Beziehung zwischen den Messungen des ers-
ten Satzes von Sensoren (9a, 9b, 9d) und des
zweiten Satzes von Sensoren (9a, 9b, 9d) ver-
wendet wird, um Lecks (12) in dem Gasnetz (1)
vorherzusagen;

wobei die Betriebsphase (18) die folgenden Schritte
umfasst:

- Auslesen der ersten Gruppe von Sensoren (9a,
9b, 9d);
- Berechnen oder Bestimmen des Wertes einer
zweiten Gruppe von Sensoren (9a, 9b, 9d) aus
den Messwerten der ersten Gruppe von Senso-
ren (9a, 9b, 9d) unter Verwendung des physika-

lischen Modells oder der mathematischen Be-
ziehung;
- Vergleichen der berechneten oder bestimmten
Werte der zweiten Gruppe von Sensoren (9a,
9b, 9d) mit den gemessenen Werten der zweiten
Gruppe von Sensoren (9a, 9b, 9d) und Bestim-
men der Differenz zwischen ihnen;
- Bestimmen auf der Grundlage einer Restwert-
analyse, ob ein Leck (12) in dem Gasnetz (1)
vorhanden ist;
- Erzeugen eines Alarms und/oder Erzeugen ei-
ner Leckagerate und/oder Erzeugen der ent-
sprechenden Leckagekosten, wenn ein Leck
(12) erkannt wird.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die erste Gruppe von Sensoren (9a,
9b, 9d) verschiedene Druck- und/oder Druckdiffe-
renzsensoren (9b, 9d) an verschiedenen Stellen in
dem Gasnetz (1), einen oder mehrere Durchfluss-
sensoren (9a) umfasst, und die zweite Gruppe von
Sensoren (9a, 9b, 9d) einen Durchflusssensor (9a)
umfasst, wobei die Betriebsphase (18) die folgenden
Schritte umfasst:

- Auslesen der ersten Gruppe von Sensoren (9a,
9b, 9d);
- Berechnen oder Bestimmen des Wertes des
Durchflusssensors (9a) der zweiten Gruppe von
Sensoren (9a, 9b, 9d) aus den Messwerten der
ersten Gruppe von Sensoren (9a, 9b, 9d) unter
Verwendung des physikalischen Modells oder
der mathematischen Beziehung;
- Vergleichen des berechneten oder bestimmten
Wertes des Durchflusssensors (9a) der zweiten
Gruppe von Sensoren (9a, 9b, 9d) mit dem ge-
messenen Wert des Durchflusssensors (9a) der
zweiten Gruppe von Sensoren (9a, 9b, 9d) und
Bestimmen, ob ein Leck (12) in dem Gasnetz
(1) vorhanden ist, auf der Grundlage der Diffe-
renz zwischen den beiden oder ihrer Ableitun-
gen.

3. Verfahren nach einem der voranstehenden Ansprü-
che, dadurch gekennzeichnet, dass die Sensoren
(9a, 9b, 9d) durch eine In-situ-Selbstkalibrierung ka-
libriert werden.

4. Verfahren nach einem der voranstehenden Ansprü-
che, dadurch gekennzeichnet, dass die vorge-
nannten Sensoren (9a, 9b, 9d) einen oder mehrere
der folgenden physikalischen Parameter des Gases
messen können: Druck, Differentialdruck, Tempera-
tur, Gasgeschwindigkeit, Durchflussmenge, Feuch-
tigkeit.

5. Verfahren nach einem der voranstehenden Ansprü-
che, dadurch gekennzeichnet, dass die Betriebs-
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phase (18) zu bestimmten Zeitpunkten vorüberge-
hend unterbrochen oder angehalten wird, woraufhin
die Trainingsphase (15) wieder aufgenommen wird,
um das physikalische Modell oder die mathemati-
sche Beziehung zwischen den Messungen verschie-
dener Sensoren (9a, 9b, 9d) neu zu definieren, bevor
die Betriebsphase (18) wieder aufgenommen wird.

6. Verfahren nach einem der voranstehenden Ansprü-
che, dadurch gekennzeichnet, dass die Schritte
der Betriebsphase (18) in einem bestimmten Zeitin-
tervall nacheinander wiederholt werden.

7. Gasnetz unter Druck oder unter Vakuum, wobei das
Gasnetz (1) mindestens ausgestattet ist mit:

- einer oder mehreren Quellen (6) von Druckgas
oder Vakuum;
- einem oder mehreren Verbrauchern (7), Ver-
braucherbereichen für Druckgas- oder Vaku-
umanwendungen;
- Rohrleitungen (5) oder einem Netz (4) von
Rohrleitungen (5) zum Transportieren des Ga-
ses oder Vakuums von den Quellen (6) zu den
Verbrauchern (7), Verbraucherbereichen oder
Anwendungen;
- einer Vielzahl von Sensoren (9a, 9b, 9d), die
einen oder mehrere physikalische Parameter
des Gases zu verschiedenen Zeiten und an ver-
schiedenen Orten innerhalb des Gasnetzes (1)
bereitstellen;

dadurch gekennzeichnet, dass das Gasnetz (1)
ferner ausgestattet ist mit:

- einer Datenerfassungs-Steuereinheit (10) für
die Sammlung von Daten von den Sensoren (9a,
9b, 9d);
- einer Recheneinheit (11) zur Durchführung des
Verfahrens nach einem beliebigen voranste-
henden Anspruch.

8. Gasnetz nach Anspruch 7, dadurch gekennzeich-
net, dass zumindest einige der Sensoren (9a, 9b,
9d) zusammen mit einer Quelle (6), einem Verbrau-
cher (7), einem Verbraucherbereich oder einer An-
wendung in ein Modul integriert sind.

9. Gasnetz nach einem der voranstehenden Ansprü-
che 7 bis 8, dadurch gekennzeichnet, dass das
Gasnetz (1) außerdem mit einem Monitor (13) aus-
gestattet ist, um Lecks (12), Leckageraten, Lecka-
gekosten und mögliche Standorte anzuzeigen oder
zu signalisieren.

10. Gasnetz nach einem der voranstehenden Ansprü-
che 7 bis 9, dadurch gekennzeichnet, dass die Re-
cheneinheit (11) eine cloudbasierte Recheneinheit

(11) ist, die mit dem Gasnetz (1) verbunden ist, ent-
weder drahtlos oder nicht.

Revendications

1. Procédé destiné à la détection et à la quantification
de fuites (12) dans un réseau de distribution de gaz
(1) mis sous pression ou sous vide, le réseau de
distribution de gaz (1) comprenant :

- une source de gaz mis sous pression ou de
vide (6) ou plusieurs de ces dernières ;
- un consommateur (7) ou une zone de consom-
mation d’applications de gaz mis sous pression
ou de vide ou plusieurs de ces derniers/derniè-
res;
- des pipelines (5) ou un réseau (4) de pipelines
(5) destinés au transport du gaz mis sous pres-
sion ou du vide à partir des sources (6) jusqu’aux
consommateurs (7), aux zones de consomma-
tion ou aux applications ;
- un certain nombre de capteurs (9a, 9b, 9d) qui
fournissent un paramètre physique du gaz ou
plusieurs de ces derniers à différents moments
et à différents endroits au sein du réseau de dis-
tribution de gaz (1) ;

caractérisé en ce que le procédé comprend les éta-
pes suivantes, à savoir :

- une phase de démarrage (14) au cours de la-
quelle on étalonne les capteurs (9a, 9b, 9d) que
l’on vient de mentionner, avant leur utilisation ;
- une phase d’entraînement ou d’estimation (15)
au cours de laquelle on détermine un modèle
physique ou une relation mathématique entre
des mesures d’un premier groupe de capteurs
(9a, 9b, 9d) et celles d’un second groupe de cap-
teurs (9a, 9b, 9d), en se basant sur des lois phy-
siques qui utilisent des algorithmes
d’estimation ;
- une phase opérationnelle (18) au cours de la-
quelle on utilise le modèle physique ou la rela-
tion mathématique qui a été établi(e) entre les
mesures du premier groupe de capteurs (9a, 9b,
9d) et celles du second groupe de capteurs (9a,
9b, 9d) pour la prédiction de fuites (12) dans le
réseau de distribution de gaz (1) ;

dans lequel la phase opérationnelle (18) comprend
les étapes suivantes dans lesquelles :

- on procède à une lecture du premier groupe
de capteurs (9a, 9b, 9d) ;
- on calcule ou on détermine la valeur d’un se-
cond groupe de capteurs (9a, 9b, 9d) à partir
des lectures extraites du premier groupe de cap-
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teurs (9a, 9b, 9d) en utilisant le modèle physique
ou la relation mathématique ;
- on compare les valeurs du second groupe de
capteurs (9a, 9b, 9d) qui ont été calculées ou
qui ont été déterminées aux valeurs lues du se-
cond groupe de capteurs (9a, 9b, 9d) et on dé-
termine la différence entre les deux ;
- on détermine, sur la base d’une analyse des
valeurs résiduelles, le fait de savoir s’il existe ou
non une fuite (12) dans le réseau de distribution
de gaz (1) ;
- on génère une alarme et/ou on génère un taux
de fuite et/ou on génère le coût lié à la fuite lors-
qu’une fuite (12) est détectée.

2. Procédé conformément à la revendication 1, carac-
térisé en ce que le premier groupe de capteurs (9a,
9b, 9d) comprend différents capteurs de la pression
et/ou du différentiel de pression (9b, 9d) à différents
endroits dans le réseau de distribution de gaz (1),
un capteur de l’écoulement (9a) ou un certain nom-
bre de ces derniers, et le second groupe de capteurs
(9a, 9b, 9d) comprend un capteur de l’écoulement
(9a) ; dans lequel la phase opérationnelle (18) com-
prend les étapes suivantes dans lesquelles :

- on procède à une lecture du premier groupe
de capteurs (9a, 9b, 9d) ;
- à partir des lectures extraites du premier grou-
pe de capteurs (9a, 9b, 9d), on calcule ou on
détermine la valeur du capteur de l’écoulement
(9a) du second groupe de capteurs (9a, 9b, 9d)
en utilisant le modèle physique ou la relation
mathématique ;
- on compare la valeur du capteur de l’écoule-
ment (9a) du second groupe de capteurs (9a,
9b, 9d) qui a été calculée ou qui a été déterminée
à la valeur lue du capteur de l’écoulement (9a)
du second groupe de capteurs (9a, 9b, 9d) et
on détermine le fait de savoir s’il existe une fuite
(12) dans le réseau de distribution de gaz (1)
sur la base de la différence entre les deux, ou
de ses dérivées.

3. Procédé conformément à l’une quelconque des re-
vendications précédentes, caractérisé en ce que
les capteurs (9a, 9b, 9d) sont soumis à un étalonna-
ge au moyen d’un auto-étalonnage in situ.

4. Procédé conformément à l’une quelconque des re-
vendications précédentes, caractérisé en ce que
les capteurs (9a, 9b, 9d) que l’on a mentionnés ci-
dessus sont capables de mesurer un des paramè-
tres physiques du gaz indiqués ci-après, à savoir :
la pression, la pression différentielle, la température,
la vitesse du gaz, le débit, l’humidité, ou un certain
nombre des paramètres en question.

5. Procédé conformément à l’une quelconque des re-
vendications précédentes, caractérisé en ce que
la phase opérationnelle (18) est interrompue ou est
arrêtée de manière temporaire à certains moments ;
après quoi, la phase d’entraînement (15) est reprise
dans le but de redéfinir le modèle physique ou la
relation mathématique entre les mesures des diffé-
rents capteurs (9a, 9b, 9d) avant la reprise de la pha-
se opérationnelle (18).

6. Procédé conformément à l’une quelconque des re-
vendications précédentes, caractérisé en ce que
les étapes de la phase opérationnelle (18) sont ré-
pétées de manière séquentielle à un certain inter-
valle de temps.

7. Réseau de distribution de gaz mis sous pression ou
sous vide, le réseau de distribution de gaz (1) étant
au minimum équipé :

- d’une source de gaz mis sous pression ou de
vide (6) ou de plusieurs de ces dernières ;
- d’un consommateur (7), d’une zone de con-
sommation d’applications de gaz mis sous pres-
sion ou de vide ou de plusieurs de ces
derniers/dernières ;
- de pipelines (5) ou d’un réseau (4) de pipelines
(5) destinés au transport du gaz mis sous pres-
sion ou du vide à partir des sources (6) jusqu’aux
consommateurs (7), aux zones de consomma-
tion ou aux applications ;
- d’un certain nombre de capteurs (9a, 9b, 9d)
qui fournissent un paramètre physique du gaz
ou plusieurs de ces derniers à différents mo-
ments et à différents endroits au sein du réseau
de distribution de gaz (1) ;

caractérisé en ce que le réseau de distribution de
gaz (1) est en outre équipé :

- d’une unité de commande d’acquisition de don-
nées (10) pour la récolte de données à partir
des capteurs (9a, 9b, 9d) ;
- d’une unité de calcul (11) destinée à la mise
en œuvre du procédé en conformité avec l’une
quelconque des revendications précédentes.

8. Réseau de distribution de gaz conformément à la
revendication 7, caractérisé en ce qu’au moins un
certain nombre des capteurs (9a, 9b, 9d), de manière
conjointe avec une source (6), un consommateur (7),
une zone de consommation ou une application sont
intégrés dans un seul module.

9. Réseau de distribution de gaz conformément à l’une
quelconque des revendications précédentes 7 à 8,
caractérisé en ce que le réseau de distribution de
gaz (1) est en outre équipé d’un moniteur (13) des-
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tiné à afficher ou à signaler des fuites (12), des taux
de fuites, des coûts liés aux fuites et des endroits
possibles.

10. Réseau de distribution de gaz conformément à l’une
quelconque des revendications précédentes 7 à 9,
caractérisé en ce que l’unité de calcul (11) est une
unité de calcul (11) basée sur le cloud, qui est reliée
au réseau de distribution de gaz (1) par l’intermé-
diaire d’une liaison sans fil ou non.
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